ABSTRAcT the aim of the study was to assess the changes in the hematology and blood chemistry of jumping horses under the different workload trainings. Group a was trained with a rider and without additional exercises. Group B had an additional daily training session on the treadmill. Blood samples were taken at rest, before exercise and 24 hours after the jumping competition (at the beginning of the season, in the middle and at the end). regardless of the type of training intensity level and workout load, the post-exercise studies showed an increase in rBC, hGB and hCt. In Group B, there was increase (P<0.05) of resting parameters rBC and hGB between the start of the season and in the middle. During the study there was an increase in aSt, LDh, Ck in both groups after training. horses from Group B, subjected to additional training at the end of the season, had lower activity in the resting parameters of aSt, LDh and Ck than horses from group a. In group B the resting value of La was lower in the middle and at the end of the sports season, in comparison to group a. the research indicated the desirability of introducing additional stimulation of movement in horses between the relevant trainings involving a rider.
factors (reeD et al., 2004; FerraZ et al., 2010) . regular training aims at adapting the horse's body system to the changes occurring during intensive physical effort (trIGO et al., 2010; FaZIO et al., 2011) . Properly planned training is necessary to obtain good results. Along with the degree of training, it should be followed by the intensification of exercise that causes the physiological changes needed to achieve optimal performance (aSSeNZa et al., 2015) .
the methods which allow evaluation of the horse's progress in training involve, amongst other things, analysis of physiological indices, such as cardiac stress tests, as well as examination of hematological and biochemical parameters (PICCIONe et al., 2007; SOARES et al., 2011; FAZIO et al., 2014; KUPCZYŃSKI and ŚPITALNIAK, 2015) . These reflect the metabolic and functional processes involved in adaptation to a particular discipline (PICCIONe et al., 2007; SOareS et al., 2011) . the results obtained from the study are useful for evaluating the current health performance and the degree of adaptation to intensification of exercise, providing the ability to alter the training program in order to achieve the desired sport performance (CaSeLLa et al., 2012; aDaMU et al., 2013) . Some authors have presented new and useful information concerning the blood changes that take place in response to physical exercise, which will make it possible to evaluate the health status and training levels of jumper horses (BIS-WeNCeL et al., 2012; FaZIO et al., 2012) .
automatic horse walkers and treadmills are helpful in proper horse training. their usefulness stems from the easy control of exercise intensity. During training, the speed and duration of each stage of the exercise are highly reproducible. there is also easy access to horse at the appropriate moments during and after each exercise, for measurement of cardio-pulmonary capacity or blood sampling, and this training develops the aerobic abilities of the horse (OhMUra et al., 2013) . another method of training is aqua-training, previously used for rehabilitation purposes, which currently is used in horse training. this method increases the average aerobic load for horses, as well as helping to maintain correct posture, balance, muscle development, and it also improves the functioning of the circulatory system. this kind of exercise does not lead to any overload of the metabolism and thus has a positive effect on the relevant horse performance (NaNkerVIS and WILLIaMS, 2006; LINDNer et al., 2009; LINDNer et al., 2012) . the classic forms of providing horses with movement are practicing on a lunge and enabling them to have access to a paddock. this method is the most widespread and has been used in various forms for many years.
the aim of the study was to assess the changes in hematology and blood chemistry in jumping horses trained at different training intensity levels between the relevant trainings and involving a rider. the average ration per day per horse in both groups was 5 kg of hay twice a day, 4 kg of crushed oats/day (three portions). additionally the horses from group a received 50 g per day mineral and vitamin supplement (General P), or a combination of vitamin e + Se + Lys (Vitamin e, Selenium & Lysine) in the amount of 40 g per day, and 100 mL of rapeseed oil. In the experiment Group B horses, besides oats were given two types of special feed. the feed mixtures used were FibreMix extra, FibreMix easy, horsgran, high energy feed (Main ring Gold), and conditioning fodder (Conditioning Mix, alfa a Oil, Beet alfa alfa a Original). the feeds listed were used according to the manufacturer's recommendations. the animals were given 150 g per day Golden Mineral mineral-vitamin supplement.
R. Kupczyński et al.: The influence of different workload trainings on some blood parameters in show jumping horses
In both centers at the beginning (March -series I) in the middle (June -series II) and at the end of the season (September -series II) three series of sampling exercise session were performed. Blood was collected at rest, immediately after training and 24 hours after training. Blood tests were always performed a week before a competition. Blood was taken from the v. jugularis externa using sterile Sarsted tubes for serum (10 mL) and with an anticoagulant -eDta (2 mL). analyses of hematological parameters were performed using an aBC Vet (horiba aBX Diagnostics, France) analyzer, taking into account parameters such as: red blood cells (rBC), white blood cells (WBC), platelets (PLt), hemoglobin (hGB), hematocrits (hCt), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCh) and mean corpuscular hemoglobin concentration (MChC), lymphocytes (LYM), monocytes (MON), and granulocytes (Gra). Biochemical studies were performed using Pentra 400 (horiba aBX Diagnostics, France). the following parameters were estimated: glucose oxidase method, hOrIBa aBX reagents (Glucose PaP, Cat. No. a11a016979); lactic acid (La) by colorimetric method, hOrIBa aBX reagents (Cat. No. a11a01721); aspartate aminotransferase (aSt), lactate dehydrogenase (LDh) and creatine kinase (Ck) activity to enzyme kinetic method, hOrIBa aBX reagents (Cat. No. a11a01629, a11a01824, a11a01632); creatinine by enzymatic method (Cat. No. a11a01907); and Na, k, Cl, using an ionselective adapter in the Pentra 400 analyzer.
the results of the laboratory tests were expressed in SI units, and subjected to statistical analysis by calculating the arithmetic mean and standard deviation. Distribution variables were evaluated using the Shapiro-Wilk test. the data obtained were subjected to analysis of variance (ANOVA). The significance of differences between the test results was determined by Duncan's test. Effects were considered significant at a probability of P<0.05. all statistical analyses were conducted using Statistica v. 10.0.
Results
the mean values of blood hematological parameters of horses from groups a and B are presented in table 2 and 3. In group a, the resting values of WBC, rBC and hGB do not differ significantly throughout the training season. In Group B, we observed a gradual increase (P<0.05) in the resting values of rBC between series II and III of the research and in hGB parameter between terms of research I and III. In the series I studies, the hGB and HCT increased significantly (P<0.05) before and immediately after exercise, in group B during the study period. In the subsequent periods of research (both in the second series as well as in series III) the RBC, HGB, HCT parameters increased significantly in group B after training (P<0.01). an increase of rBC after training was reported in group a only at the end of the season (series III). In both groups, no changes in WBC after training were confirmed statistically. In group A, the percentage of GRA increased (P<0.01) in the second sampling. In the second series of studies the content of LYM increased (P<0.05) after training in both groups. ES -significant differences between exercise sessions; TS -significant differences between times of blood sample collection; A, B -significant differences between exercise session, P<0.01; a, b -significant differences between exercise sessions in sampling blood before or after training, P<0.05 R. Kupczyński et al.: The influence of different workload trainings on some blood parameters in show jumping horses ES -significant differences between exercise sessions; TS -significant differences between times of blood sample collection; A, B -significant differences between exercise sessions, P<0.01; a, b -significant differences between exercise sessions in sampling blood before or after training, P<0.05 R. Kupczyński et al.: The influence of different workload trainings on some blood parameters in show jumping horses ES -significant differences between exercise sessions; TS -significant differences between times of blood sample collection; A, B, C -significant differences between exercise sessions, P<0.01; a, b -significant differences between exercise sessions in sampling blood before or after training, P<0.05 R. Kupczyński ES -significant differences between exercise sessions; TS -significant differences between times of blood sample collection; A, B -significant differences between exercise sessions, P<0.01; a, b -significant differences between exercise sessions in sampling blood before or after training, P<0.05
In group a, resting values of aSt and glucose were the highest in series I, but in the case of LDh, Ck, and creatinine in series III (table 4). In Group B, the value of the resting aSt and Ck was the highest in the blood collected in the series II tests, and creatinine in the series III tests (table 5) . In both groups, the highest resting concentration of La was recorded in the mid-season training. an upward trend in the average values of all biochemical parameters was reported after training and then after rest they returned to values closer to the resting ones. This increase was confirmed statistically (P<0.01) in the first and second series of tests in group B regarding the activity of AST, LDH, and in A group Ck activity in the test I series. Similar results were recorded in the series II tests. In the middle of the training period a statistically significant increase in LDH activity was found (P<0.01) after training in group a, while in Group B, after training there was a significant increase (P<0.01) in AST, LDH in series I and II tests. In the last series of tests we found an increase in LDh (P<0.05) after training in group a. During the sporting season, the La concentration in both groups showed an upward trend (P<0.05) after a workout and returned to values close to resting ones.
the resting concentrations of Na and Cl showed upward trends in the course of the season in group B. In group a a decrease was found in the concentration of resting Na, k and Cl in the middle of the training season. the lowest the resting value of Na concentration in the blood was reported in the series II tests in Group a. In groups a and B resting Cl increased significantly (P<0.05) at the end of the season. In the case of K, a significant increase was found (P<0.05) in post-exercise testing in the series III tests postexercise in group a and in the series II and III tests in Group B. discussion all properly conducted training increases the body's capacity. examination of the impact of exercise on the formation of various blood parameters can provide practical information about the effectiveness of the training program. according to PICCIONe et al. (2010) adaptive changes in hematological parameters might ensure the efficient transfer of oxygen to the muscles. regardless of the scale of the effort and the type of exercise, in post-exercise studies an increase may be observed in the number of red blood cells, which is closely related to the increase in hGB and hCt (PICCIONe et al., 2008) . A larger quantity of RBC is normal for horses that are trained properly (KUPCZYŃSKI and ŚPITALNIAK, 2015) . In our study, a greater increase in RBC was found in group B after exercise. additionally, at the end of the season of the research in this group higher resting parameters of rBC, hGB, htC were observed. hematological changes are known to result from contraction of the spleen, which in turn is a consequence of the physical effort. another factor stimulating the function of the spleen and an increase in rBC is stress (PICCIONe et al., 2008; PICCIONe et al., 2010) . the increase in (epinephrine like) catecholamines observed in stressful situations stimulates the ejection of blood cells (aSSeNZa et al., 2013) . the return to resting values observed in our study (in both groups) is an indicator of proper preparation for exercise.
the decrease in MCV values after exercise observed in this study has also been found by several other authors (MUÑOZ et al., 2002; KUPCZYŃSKI and ŚPITLNIAK, 2015) . the decreased MCV was the result of intensive effort, along with increased catecholamine concentrations (MUñOZ et al., 2002) . the increase in WBC after exercise may be caused by the release of large numbers of lymphocytes into the circulation from the spleen (PICCIONe et al., 2010; ZOBBa et al., 2011; aSSeNZa et al., 2013) . During the R. Kupczyński et al.: The influence of different workload trainings on some blood parameters in show jumping horses contraction of the spleen PLt are released into the bloodstream, according to aSSeNZa et al. (2015) and they cause an increase in post-exercise research. In the early stages of training, the number of PLt may reach extremely high values. the highest value of PLt was observed in group B at the end of the season. Both trainings associated with an increase in parameters such as rBC, hGB, hCt and PLt, are needed for the proper functioning of muscles, to increase the aerobic capacity of the organism, and mitigate the effects of stress associated with physical effort. however, in the case of PLt high levels that last excessively long after exercise may also be associated with an increase in reactivity, and the increased ability to form aggregates (aSSeNZa et al., 2015) . exercise, especially in young horses at the beginning of the training season activates production of factors responsible for clotting (aSSeNZa et al., 2013) .
the body of a show-jumping horse is mobilized to draw energy from both alternating aerobic and anaerobic conditions. Properly conducted training should develop both aerobic capacity and the ability to work in conditions of acidity (FaZIO et al., 2014; JaWOr et al., 2007) . With an over-intensive workout, there is a risk of damage to the loco-motor system, leading to the elimination of the horse from further performance. according to FaZIO et al. (2014) an increase in aSt and Ck may be associated with an increase in the permeability of the mitochondrial membrane, and an increase in the size of the liver during training. this phenomenon stems from the moderate increase in all the enzymes involved in the work of muscles (PICCIONe et al., 2010) . the activity of aSt and Ck after exercise was moderate in the present study, which may indicate a transient increase in the permeability of the myocytes. Due to the varying stimulation of the motor system between workouts, and the different sporting categories of the two groups, the aSt increase was greater in group a at the beginning and in the middle of the season. With the end of the training season, horses from group B had lower resting values of aSt and lower increases occurred after training in comparison to group a. Similar trends occurred in the resting value of Ck activity. It should be added that horses subjected to training (group B) competed in competitions more often, and in increasingly higher level and more difficult competitions throughout the season. The attenuation of CK response to exercise was related to lower extra-fibrilar GLU utilization with LA formation and greater fat metabolism (MUÑOZ et al., 2002) . These relationships were partly confirmed in our study (group B) . Changes in the activity of aSt and Ck after rest indicate that the training in both groups was not intense enough to cause muscle damage (SOareS et al., 2011) .
the activity of enzymes Ck and LDh is bound inside the muscle energy processes (reeD et al., 2004) . the concentration of these two enzymes in the course of the training season showed an upward trend after exercise and then return to the values similar to the resting ones. A significant increase (P<0.01) of CK was found at the beginning of R. Kupczyński et al.: The influence of different workload trainings on some blood parameters in show jumping horses the season in Group a after exercise (296.57 U/L). also, the activity of Ck-resting in this group was higher at the end of the season. these activities may indicate that some muscles could become marginally damaged (OStaSZeWSkI et al., 2012) . In groups a and B there was an increase (P<0.01) in activity after training in the middle of the season. In group a, the highest increase in the activity related to training took place in the series IIItests, and group B in the series II tests. at the same time resting values of LDh activity in group B increased steadily during the training season, and a similar trend was noted by FaZIO et al. (2014) . the activity of Ck and LDh may be dependent on the levels of protein, amino acids, and vitamin e in the feed (UPaGaNLaWar et al., 2010) . additional supplementation of these components during the training season reduces the activity of these enzymes, thereby reducing muscle damage. the increase in creatinine levels after exercise may be associated with the increased use of muscle phosphocreatine for creatinine synthesis. after a period of rest, there was a downward trend in the concentration of creatinine (PICCIONe et al., 2010) . this was also observed in the present study. also in Group B, especially at the end of the training season, there was a smaller increase in k concentrations and then a return to normal resting values. Such changes have been observed in horses during training (PICCIONe et al., 2007) , and even after the initial phase of training (FaZIO et al., 2014) . the rate of k reduction during recovery is important because the cation is involved in osmosis and the normal balance of water and cellular biochemical functions (FaZIO et al., 2014) . Depending on the discipline, the type of effort, the type of muscle fibers working and, above all, the condition of the body, exertion level La increases. Lactate concentration in the blood is a marker of anaerobic and aerobic thresholds during exercise in horses (aDaMU et al., 2014) . the limit of anaerobic and aerobic thresholds amounting to 4 mmol/L (LINDNER et al., 2009 ) during exercise may have lower values for specific sports (KUPCZYŃSKI and ŚPITALNIAK, 2015) . In both groups the LA concentration showed an increase after training, while in Group B, where additional physical stimulation was present, La was lower than the resting values at the end of the sporting season. the La levels obtained in our study indicate that the training in both groups had the character of aerobic training. In the case of exercise endurance (aerobic), the lower concentration of lactate in the blood may indicate the better adaptation of the organism to physical work. With this kind of effort, the faster transport of lactic acid to the muscles and its oxidation occur. Other studies have found that horses with higher blood lactate values after jumping showed decreased show jumping performance and were more likely to display muscle soreness (rOBertS et al., 2014) . effort exceeding the threshold of the maximum effort, the so-called aerobic capacity or supra-maximal, causes an increase in La concentration in the blood (aDaMU et al., 2014) . this effort is highest during competitions.
R. Kupczyński et al.: The influence of different workload trainings on some blood parameters in show jumping horses the duration of exercises and their intensity varies and so does the growth of key physiological parameters. This was confirmed in studies conducted on riding horses in swimming training (kaNG et al., 2012) . During intensive exercise there is an increase in the activity of the hormones responsible for energy metabolism, that is, the catecholamines, and glucagon (FerraZ et al., 2010) . During exercise, mobilization of liver glycogen stores helps to maintain blood glucose concentrations. according to FaZIO et al. (2014) glucose levels may increase after intense exercise due to the increased mobilization of energy from the fat metabolism. Prolonged exercise in endurance horses caused an increase (P<0.01) in glucose levels after exercise (aDaMU et al., 2012) . GeOr et al. (2002) found that 6 weeks of moderate-intensity training resulted in a decrease in glucose flux during submaximal exercise. In our study, smaller changes in GLU concentrations were found after training in Group B, and they also returned more quickly to the resting values.
conclusion
Our results indicate that higher resting values at the end of the training season of hematological parameters such as rBC, hGB and hCt indicate the better retraining of horses from group B, using regular exercise on a treadmill. horses subjected to additional training (group B), which were more frequently involved in tougher competition at the end of the season, had lower activity of aSt, LDh and Ck than horses not stimulated by further exercises between workouts. In addition, the increase in these enzymes after training was not as clear as in group a. at the end of the sporting season, La concentrations were lower in group B after training, as well as the lower resting values. In planning equine workouts the treadmill has a significant effect on blood parameters, health status and the degree of training of show-jumper horses. the research indicates the desirability of introducing additional stimulation of movement of horses between the relevant trainings, involving the rider.
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